We present a quantitative analysis of a dipole antenna and its characteristics from the viewpoint of quantum mechanics. The method makes use of a Maxwell equation used in an existing antenna propagation formula. This includes radiation resistance, input reactance, and antenna efficiency as functions of frequency and antenna length. Particular attention is paid to the Schröodinger equation. We accomplish E-field and H-field analyses of a dipole antenna by combining the Maxwell and Schröodinger wave equations. When comparing the existing Maxwell wave equation with the Schröodinger wave equation, quantum-electric movement is more accurate than using the Maxwell wave equation alone. 
Introduction
Recently, various studies have conducted numerical analysis and experiments for a more accurate analysis of communication devices at microwave (gigahertz) frequencies. There has been a renewed interest in analyzing antenna propagation characteristics using quantum mechanics in order to take complex antenna environments into account. For instance, unconventional materials with non-linear or homogeneous conductivity and permittivity properties are often combined with novel antennas [1] [2] [3] . Also, for an antenna placed in a complex electromagnetic environment, its radiation performance is significantly affected by the surrounding materials or an undesirable radiation source [4, 5] . 2. Dipole antenna analysis by maxwell equation
Electric Field and Magnetic Field

Intensity of Dipole Antenna
Based on the known current distribution, it is straightforward to calculate the radiated electric and magnetic fields. We follow Balanis [11] . For the current distribution of the along the z-axis, the electric field in the far field region must be in the  direction, and is given by
Here,  is the characteristic impedance of free space. For a traditional wire antenna, the current distribution is periodic with a wave vector. Therefore, the distribution of the total field is a product of element factor and space factor. We can express the electric field as 
After evaluating Equation (2) 
The magnetic field component has been obtained in a similar way, as follows.
Vector Potential Energy of Dipole Antenna
To find the fields radiated by the current element, it is important to extract vector potential energy [11] . The vector potential ( ) is useful in solving for the EM field generated by given harmonic electric current (). 
Here, subscript a indicates the field due to the
which can be written as
It can be represented that
The scalar function   represents an arbitrary electric scalar potential which is a function of position.
Equating Maxwell's equation leads to
Eventually, we obtain wave equation. the sum of kinetic and potential energy [12] [13] [14] .
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Here,  is the momentum of the particle, is the mass of the particle,    is the potential energy in the combined particle, and   is the total energy of the system achieved by combining particles.
The substitution of the dynamical variables with their quantum mechanical operator, which acts on the wave function  , yields the one-dimensional time-dependent Schrödinger equation:
The left side of this equation can be rewritten using the Hamiltonian operator (or total energy operator). 
Hamiltonian based in The Classical Electromagnetic Wave
In this section, we accomplish to substitute the quantum mechanical momentum for the classical. Here, we can think Lorentz gauge and Coulomb gauge about the electromagnetic wave.
In classical physics, gauge transformation is the in variance of the fields [15] [16] . When the charged particle (electron ; e) moves in an electric field, the particle is taken to the Lorentz force. 
Therefore, Hamiltonian is Antenna radiation characteristics are converted into spherical coordinates. So, it is important that antenna propagation analysis represents using the spherical system of the Schrödinger equation [11] [12] [13] [14] . Quantized Hamiltonian of electromagnetic waves is electromagnetic waves with an average pointing vector [12] [13] [14] .
( )
Therefore, when the propagation produces total system energy, the dipole antenna with radiation can be expressed as follows.
and  is mass of electron.
[ Fig. 2 ] Fabricated Conventional Dipole Antenna 
Demonstration of Maxwell-Schr dinger Equation
The equation (32) 
Conclusion
The propagation is derived using a formula that combines the Maxwell and Schrödinger equations. To verify the equation, the E/H-fields were plotted in the far field.
As a result, the derived E/H-field patterns of the Maxwell-Schrödinger equation formula and the E/H-field patterns of measurement are similar. In the future, it will be possible to fabricate antennas using non-linear material.
